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Abstract 
corrosion in reinforced concrete. Presence of chloride in see water and  especial weather 
condition including the high temperature and air humidity close to 100%, could lead to 
occurrence of severe corrosion in concrete structures and  reduce their useful life and durability. 
Floating concrete docks well have their place in the Persian Gulf coasts. Shah
one of these areas. This paper reviews the causes of the damage and corrosion in reinforced 
concrete structures and provides solutions to prevent occurring such defects in future products. 
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1. Introduction 
Floating concrete docks, due to their unique features compared to their other kinds, 
opened their way to the Persian Gulf and has been welcomed. The advantages of these 
structures compared to their similar types, could be the usage of concrete in their 
original structures. Concrete is known as a material resistant to the invasive marine 
conditions which does not include the restrictions of steel structures, such as rapid and 
extensive corrosion, the need for care and maintenance, early repairs and periodic visits 
(Golshan 2010). These structures have been built recently by the local technology. 
Persian Gulf is known as one the most aggressive zones in the field of corrosion in 
reinforced concrete structures. Presence of chlorine ions in see water and  especial 
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weather condition including the high temperature and air humidity close to 100%, could 
lead to occurrence of severe corrosion in concrete structures and  reduce their useful life 
and durability (Ramesht et al. 1993). 
The floating concrete docks of ShahidZa
structures which nearly 4 years have passed since the start of its operation. This study 
has tried having concrete construction methods and the concrete technology used in its 
construction and the quality of its operation, to review the main factors in this structures 
that will cause corrosion. 
2. Introducing the Structure 
on March 2008. Before this, the floating docks made by this company had been 
port. 
This floating concrete dock with the dimensions of 5 × 20 × 1.5 m (length × width × 
height) and the approximate weight of 68 tones is contained by 4 steel piles, each 25 
meter long in seawater and is connected to the coast by a 20 metered aluminum bridge. 
dock and proceed to loading 
and unloading passengers. 
Opposite the floating concrete docks which were installed in other ports and had a 
good performance, This Pontoon was , after  nearly two years due to lack of standards 
for this particular structure, caused corrosions.  This study is to determine the possible 
reasons for the occurrence of corrosion in this dock and provide a solution to avoid a 
repeat of this incident to the following structures. 
3. Materials Used 
For construction of this dock, a kind of concrete with grade of 400, with a slump of 
8 to 10 cm is used, and in the stage before concreting, in order to achieve the expected 
properties of the concrete, admixtures such as polypropylene fibers, superplastisizer and 
micro silica gel are added to concrete.  Concrete mix design used in the project can be 
seen in Table 1. 
Table 1. Mix Design 
Amount (kg/m3) Material type 
750 Sand 
1100 Gravel 
400 Cement 
175 Water 
Aggregates of manufactured crushed limestone are used in this concrete. Preparation 
of sand and concrete products in factories far from the coast of  causes concern for 
contamination of materials such as chloride. 
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The Portland cement type 2 has been used, due to the limited amount of C3A in the 
chloride and sulphate compounds that increase its resistance to attack. 
4. Admixtures 
In making these structures due to various reasons, admixtures such as microsilica 
gel, superplastisizer and the polypropylene fibers have been used. The reason of usage 
and the amount of each additive is described as following: 
Microsilica Gel: Permeability of concrete is known as the main factor in the 
durability of concrete in corrosive conditions. Reducing permeability can increase the 
quality of concrete and its durability against aggressive environmental conditions. 
Microsilica is one of the best known cement replacement materials which main effect is 
to reduce the permeability in a way that its very fine particles reduce the diameter of the 
pores in the concrete that will result in decreased permeability. On the other hand, 
preventing the separation of water and cement in the cement paste to create more 
cohesion between the components of concrete makes it more resistant. The addition of 
microsilica is to increase the electrical resistance of concrete and cement, thereby 
reducing the chloride permeability. It should be added to the traditional form of 
microsilica concrete, the grout in the concrete was to be distributed evenly 
(Ramezanpour 2005). 
Microsilica gel is used in the concrete of this dock to make sure of its uniformity in 
the concrete mix. microsilica gel is used in the combination of 5 percent by weight of 
cement in concrete ,which reach the total cement material of this mix to 420 kg per 
cubic meter. 
Superplastisizer: According to the Iranian concrete code, maximum water cement 
ratio of concrete in the Persian Gulf coast is limited to 0.4. Therefore, to reduce and 
maintain the water cement ratio concrete, superplastisizers are required. Also 
microsilica added to the concrete, causes the slump loss and reduction in concrete 
efficiency, so the use of superplastisizer is necessary. In addition to reducing the 
permeability of concrete, superplastisizers increase the compressive strength of the 
concrete similar to the slump (Ramesht 2007). In this project, superplastisizer was 
added to the amount of 1% by weight of cement, thereby concrete slump increased of 
7cm to 9.5 cm. 
Polypropylene fibers: after the quality of concrete, the thickness of cover layer on 
the bars is the main factor in the durability of concrete in aggressive conditions. Iranian 
concrete code has considered the restriction of minimum 75 mm concrete cover in areas 
with very severe environmental conditions. British standard also added that in order to 
achieve nominal coverage considered in the design, the thickness of the coverage should 
be considered at least 10 mm more than the paper plan. In this structure, thickness 75 
mm is considered and implemented. 
Increasing the thickness of concrete coverage on the bars, there are risks of 
contracting tiny cracks on early ages. In order to prevent such cracks and control them, 
the majority of the valid regulations have recommended the use of polypropylene fibers. 
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In addition, these fibers can increase corrosion resistance in concrete (Broomfield 
2007). Polypropylene fibers by reducing the permeability, volume expansion and 
contraction of concrete , is to prevent cracking so the corrosion process  begins to delay 
which can increase the life of the structure (Kakoui and Dolati 2008). In the 
construction of this pontoon, Polypropylene fibers with a diameter of 22 micrometers 
and 12 mm long are used to 1.5 kg per cubic meter of concrete. 
5. Compressive Strength 
According to the Iranian concrete code, minimum compressive strength 
characteristics for the structures in the extremely harsh environmental conditions is 
limited to 400 kg/cm. Research results also showed that the corrosion rate is inversely 
related with the compressive strength of concrete, it means that the more is concrete 
strength , the less corrosion rate will be (Abosrra and Ashour 2011). In this project the 
minimum resistance is considered 400 kg/cm and the structure is designed with the 
concrete resistance of 500 kg/cm. The use of admixtures such as superplastisizer, 
microsilica and polypropylene fibers has caused the C40 concrete to reach much higher 
levels of resistance. Table 2 and Table 3 shows the test results of compressive strength 
of the concrete in this structure at the ages of 7 days and 28 days before and after the 
addition of admixtures. 
 
As observed above, admixtures have caused 56 percent increase on average in the 
compressive strength of the 28- day sample. This increase is observed on the graph in 
Figure1.  
6. Structural Condition Assessment 
Severe damage and corrosion and the demolition of concrete wall were observed 
during the visit. Figure 2 shows the affected area. Given the damage to the local 
position and with the knowledge that it was accurate enough technically and common 
measures is used to prevent corrosion, This is a strong likelihood that the defect is the 
Table 2. Test results of compressive strength of concrete, before the addition of admixtures 
Compressive 
Strength (kg/cm2) 
Ultimate 
Force (kg) 
Density 
(gr/cm3) 
Weight 
(kg) 
Dimension 
(cm3) 
Slump 
(mm) 
Age 
(day) 
258 58000 2.37 8 15x15x15 70 7 
364 82000 2.39 8.07 15x15x15 70 28 
369 83000 2.4 8.08 15x15x15 70 28 
Table 3. Test results of compressive strength of concrete, after the addition of admixtures 
Compressive 
Strength (kg/cm2) 
Ultimate 
Force (kg) 
Density 
(gr/cm3) 
Weight 
(kg) 
Dimension 
(cm3) 
Slump 
(mm) 
Age 
(day) 
358 81200 2.38 8.03 15x15x15 95 7 
354 80600 2.39 8.05 15x15x15 95 7 
569 128800 2.4 8.09 15x15x15 95 28 
576 131400 2.4 8.1 15x15x15 95 28 
569 129700 2.4 8.12 15x15x15 95 28 
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physical origin, Therefore the cause of the damage should be looked for in some areas 
other than construction methods and the technology used in concrete. 
 
Figure 1. 1 - 7 and 28-day compressive strength of concrete samples before and after the addition of 
admixtures 
 
 
 
 
Figure 2. Severe corrosion in the concrete wall and damaged side decks 
7. Causes of Damage 
Shock delivered to the concrete surface could crack concrete cover layer on the bars 
and provides the conditions to reach the seawater and its chloride content to the bars. 
This will cause corrosion. Iron oxide production capacity is several times of the volume 
of raw steel, thus the increase in volume cause pressure inside the concrete and makes it 
collapse(Ramesht and Vicridge 1994).The likely cause damage to the structure is 
described in the following: 
a: Failure to meet the standards of points contained in the temporary structures: 
After setting up the pontoons in to the water, to provide the installation of floating 
concrete, pieces are temporarily inhibited by the anchor in the harbor basin. According 
to local residents and employees of the Port of Qeshm query, these pontoons after the 
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temporary control by the standard manufacturer in the port of Bandar 
abbasshahidhaghani, went out of control and transported to Qeshm and are installed 
this time, these two pontoons have been hitting each other for several times that seemed 
to be the main cause of damage in these structures.  
b: The lack of using the shock absorber parts: 
Fenders or shock absorber parts from common and relatively inexpensive accessories 
are used in a variety of docks. They absorb the impact force from the mooring of vessels 
and prevent damage to the floating dock. But these parts are not used in this dock. 
Undoubtedly, this case had a large impact on the damage of this structure. Figure 3. 
c: Inadequate concrete cover thickness:  
The nominal thickness of the concrete coating layer on the bars considered in this 
structure is 75mm.According to the Ninth issue of National Building Regulations, the 
minimum thickness of the coating layer in extreme environmental conditions, are 75mm 
for the beams and columns and 90 mm for the foundation. The function of pontoon 
because of the transfer and physical contact with the surroundings is more similar to the 
foundation. So it would have been better if the thickness of coating layer had been more 
than 90 mm. as seen in Figure 2, 75 mm coating layer is not properly implemented in 
practice and it looks like a 50 mm layer.  
d: Revising the use of admixtures: 
The exact and optimal use of admixtures usually comes up through trial and error in the 
workshop. Microsilica gel has been used in 5 percent by weight of cement in concrete 
which has been observed to the rate of 12% in similar projects. Therefore, by increasing 
this amount of microsilica, the quality of construction will be desirable. On the other 
hand, water cement ratio in concrete is 0.42 which is also higher than the maximum 
 
Figure 3. In the absence of Fenders, boats are perpendicular on the dock side. 
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amount of 0.4 mentioned in the regulations but the water can be reduced by adding 
more superplastisizer while the concrete slump is maintained.  
Water to cementatitious materials ratio is the main factor affecting the durability of 
concrete (Ranjbar and Madandoost 2009).   
8. Conclusion 
As reviewed, Design principles were observed accurately in the construction of 
floating concrete docks. Also known effective methods to increase durability and reduce 
the permeability of concrete were used in the marine environment. But the poor quality 
of maintenance and the failure to observe the operational standards of these structures 
cause serious damage to them which demonstrates the importance of maintenance and 
operation of structures with specific conditions.  The study on structure of concrete 
floating docks summarize as below: 
(1) Principles and standards of structural safety during installation and maintenance can 
prevent serious and irreparable damage to the structure. 
(2) Principles and providing a quality product does not guarantee its durability. Direct 
impact on the durability of the structure affects the quality of the operation of the 
structure. 
(3) The use of inexpensive equipment such as Fenders can prevent huge financial losses 
caused by the damage to the dock and the vessel.  
(4) The use of microsilica gel, Super Plasticizer and polypropylene fibers has a dramatic 
impact on increasing the compressive strength of concrete. 
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